Introduction
The pyrazoles constitute an interesting class of heterocyclic compounds as important building blocks in organic synthesis and more potent biologically active molecules in pharmaceutical and medicinal chemistry. The most convenient synthesis of pyrazole ring systems has been executed in the literature via 1,3-dipolar cycloaddition reactions of alkenes and alkynes with nitrile imines generated in situ from aldehyde phenylhydrazones.
1
The usual method of generation of nitrile imines involves the thermolysis of 2,5-diphenyl tetrazole, 2 catalytic oxidation of aldehyde hydrazones with lead tetraacetate, 3 chloramine-T, 4 and mercuric acetate. 5 Photolysis of 3,4-disubstituted sydnones and 2,4-disubstituted-1,3,4-oxadiazolin-5-ones 6 also provides nitrile imines. The pyrazoles act as selective inhibitors of tissue-nonspecific alkaline phosphatase, 7 also known to exhibit antimicrobial and antioxidant activities. 8−10 Pyrazole derivatives were reported to exhibit antiviral, 11 antitubercular, 12 antimicobacterial, 13 and antitumor and antiangiogenic properties. 14 A series of structurally related 1H -pyrazolyl derivative synthesized compounds were tested for their antiinflammatory activities, COX-1 and COX-2 inhibitory activities, ulcerogenic effects, and acute toxicity.
15
In view of the enormous applications associated with pyrazole systems, the present study was undertaken with the hope of getting more biologically potent molecules. This paper describes the synthesis of a series of title compounds (3) that involve 1,3-dipolar cycloaddition reaction of 4-methoxy cinnamonitrile (1) and nitrile imines generated in situ from aldehyde phenylhydrazones (2) using chloramine-T as a catalytic dehydrogenating agent.
Experimental
The chemicals/reagents used were purchased from Sigma-Aldrich Chemicals (India) and Merck Chemicals (India). IR spectra were recorded on a Nujol mull on a Shimadzu 8300 spectrometer. In a typical 1,3-dipolar cycloaddition, the nitrile imines generated by the catalytic dehydrogenation of aromatic aldehyde phenylhydrazones 2 with chloramine-T were trapped in situ by 4-methoxy cinnamonitrile 1, and the reaction afforded 3,4-diaryl-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitriles 3 in 60%-76% yield (Scheme).°S cheme.
Catalytic dehydrogenation of aromatic aldehyde phenylhydrazones with chloramine-T in ethyl alcohol generates nitrile imines. The nitrile imines generated in situ undergo 1,3-dipolar cycloaddition with an alkenyl moiety of 4-methoxy cinnamonitrile to produce the title compounds.
General procedure for the synthesis of 3,4-diaryl-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitrile (3a-3h)
A mixture of 4-fluorobenzaldehyde phenylhydrazone 2 (4.0 mmol), 3-(4-methoxyphenyl) acrylonitrile 1 (4.0 mmol), and chloramine-T trihydrate (4.0 mmol) in ethanol was refluxed in a water bath for 3 h. The progress of the reaction was monitored by TLC. After the completion of the reaction, the sodium chloride formed in the reaction mixture was filtered off and washed with ethanol (1 × 15 mL), and then the combined filtrate and washings were evaporated in vacuum. The residual part was extracted into ether (25 mL) and washed successively with water (2 × 15 mL), 10% sodium hydroxide (2 × 15 mL), and saturated brine solution (1 × 10 mL). The organic layer was dried over anhydrous sodium sulfate. Evaporation of the solvent yielded light brown oil, which gave 1 major spot corresponding to the product 3,4-diaryl-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitrile 3 and 2 minor spots corresponding to the unreacted precursors in TLC. The product was purified by column chromatography using hexane:ethyl acetate (8:1 v/v) as an eluent. The products were obtained in relatively high yields. The same procedure was used in all cases.
3-(4-Fluorophenyl)-4-(4-methoxyphenyl)-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitrile, 3a
Obtained as a light brown oil in 62% yield. 
3-(4-Chlorophenyl)-4-(4-methoxyphenyl)-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitrile, 3b
Obtained as a light brown oil in 70% yield. IR (Nujol): 1660 (C = N str.), 2233 (C≡ N str.) cm 
3-(4-Cyanophenyl)-4-(4-methoxyphenyl)-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitrile, 3d
Obtained as a light brown oil in 64% yield. 
3-(Furan-2-yl)-4-(4-methoxyphenyl)-1-phenyl-4,5-dihydro-1H -pyrazole-5-carbonitrile, 3h
Obtained as a light brown oil in 67% yield. IR (Nujol): 1670 (C = N str.), 2240 (C≡ N str.) cm 
Results and discussion
The structures of the cycloadducts were provided by IR, 1 H NMR, 13 C NMR, and MS studies and elemental analysis. For instance, in the IR spectra, the cycloadducts 3 gave absorptions bands in the region of 1650-1675 cm −1 for the C=N (str) group and strong and sharp absorption bands in the region of 2220-2240 cm
for CN (str), which supports the fact that the C-N triple bond of the CN group is unaffected during the cycloaddition reaction. In 1 H NMR spectra, all substituted-4,5-dihydropyrazole-5-carbonitriles 3 showed peaks due to aromatic and substituent protons in the expected region. The consistent pattern signals due to C 4 -H appeared as doublet in the region δ 5.102-5.279 ppm while signals due to C 5 -H appeared as doublet in the region δ 5.704-5.485 ppm. The coupling constant (J) values calculated for C 4 -H and C 5 -H were in range of 7.0-9.6 Hz, these values indicating that both C 4 -H and C 5 -H are in cis orientation. The appearance of these proton signals in the downfield was expected due to the strong electron withdrawing -CN group and the aromatic ring bonded to C 4 -and C 5 -atoms, respectively.
In 13 C NMR, all products gave signals due to aromatic and substituent carbons in the expected region.
The signals due to newly formed C 4 -carbon appeared in the region δ c 41.56-41.88 ppm, while C 5 -carbon showed the signals in the region δ c 51.24-51.92 ppm. The signals due to the CN group carbon appear in the region δ c 116.2-118.0 ppm, which shows that the CN triple bond is unaffected during cycloaddition and is retained in the product. The new compounds (3a-3h) gave significantly stable molecular ion peaks with a relative abundance ranging up to 40% and a base peak at (MH + ). Furthermore, all showed satisfactory CHN analysis with a deviation of ± 0.02% from the theoretically calculated values. All these observations strongly favor the formation of the cycloadducts.
